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I A biologically active composition made up of 
core particles having diameters of less than 
about 1000 nanometers which are coated with a 
layer which is designed to allow attachment of 
biologically active proteins, peptides or phar- 
macological agents to the microparticles. When 
viral protein is attached to the core particles, 
the result is a viral decoy which accurately 
mimics the native virus in both size and struc- 
ture while being entirely devoid of virulent 
activity due to the microparticle core. Other 
antigenic proteins or peptides are attached to 
provide molecules which are useful in raising 
antibodies or as a diagnostic tool. Further, 
pharmacological agents are attached to the 
microparticles to provide pharmaceutical 
compcsitbns. The viral decoys are useful as 
vaccines for treating animals to elicit an inrv 
mune response. 
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BACKGROUND OF THE INVENTION 

This is a continuation-in-part of co-pending appli- 
cation Serial No. 07/542,255 which was filed on June 
22, 1990. 

1. Field of the Invention 

• ' ' The present invention relates generally to a 
synthetic biologically active composition having a 
microparticuiate core. More particularly, the present 
invention relates to synthetic, biologically active 
compositions comprising at least one biologically 
active peptide, protein or pharmacologic agent 
attached to a nanocrystalline core particle. The inven- 
tion further relates to methods of using the resulting 
synthetic compositions as vaccineis;' Immunodiagnds- 
nics or as phanmaceuticals; depending upon the nat- 
ure of the particular biologically active moiety. 

2. Description of Related Art ' 

The attachment of biologically active proteins, 
peptides or pharmacologic agents to various carrier 
particles has been an area of intense investigation. 
These conjugated biological systems offer the prom- ^ 
ise of reduced toxicity, increased efficacy and lowered 
cost of biologicaiiy. active agents. As a result, many 
different carrier models are presently available. ' 
(Varga, J.M.. Asato,"N., in Goldberg, * E. P. (ed.): 
' Polymers in Biology and Medicine . New York, Wiley, 
2, 73-88 (1983).- Ranney, D.F., Huffaker, H.H., in 
Juliano, R.L (ed.): Biological Approaches to the Deli- 
very of Drug , Ann. N.Y. Acad. ScL, 507, 104-119 
(1987).) Nanocrystalline and micron sized inorganic 
substrates are the most common earners and proteins 
are the most commonly conjugated agents. For 
exarriple, gold/protein (principally immunoglobulin) 
conjugates measuring as small as 5 nm have been 
used in immunological labeling applications in light, 
transmission electron and scanning electron micros- 
copy'as well as immunoblbtting. (Faulk, W., Taylor. 
G., /mmunoc/iem/sfo^ 8, 1081-1083(1971). Hairifeld, 
' J.F..Nari;rB 333. 281-282 (1988).) 
' • Silanized iron' oxide protein conjugates (again 
' principaliy^ antibodies) generally measuring between 
: 600 and 1500 nm'have proven useful in various in 
vitro iapplications where paramagnetic properties can 
be used advantageously. (Research Products 
Catalog, Advanced Magnetics, Inc.', Cambridge, MA, 
' 1 988-1 989.)-Higelstad and others have produced 
• gamma iron oxides cores coated with a thin polys- 
tyrene shell. (Nustad, K., Johansen, L, Schmid, R., 
Ugelstad, J., Ellengseri, T., Berge, A: Covalent cou-* 
pling of proteins to monodisperse particles. Pre pa- 
ration of solid phasesecond antibody. Agents Actions 
' 1982; 9:207-212 (id. no. 60).) The resulting 4500 nm 
bdads demonstrated both the adsorption capabilities 
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of polystyrene latex beads as well as the relatively 
novel benefit of paramagnetism. ' 

Carrier systems designed for in vivo applications 
have been fabricated from both inorganic and organic 
cores. For example, Davis and Ilium developed a 60 
nm system comprised of polystyrene cores with the 
block copolynr^r poloxamer, polyoxyethylene and 
polyoxypropylene, outer coats that showed a remark- 
able ability to bypass rat liver and splenic 
macrophages. (Davis, S.S., Ilium, L, Biomaterials 9, 
111-115 (1988)). Drxjg delivery with these particles 
• has riot yet been deriidnstrated. Ranney and Huffaker 
described an iron-oxide/albumin/drug system that 
yielded 350-1600 nm paramagnetic drug carriers. 
(Ranney. D.F., Huffaker, H.H., In, Juliano, R.L. (ed.): 
Biological approaches to the delivery of dmgs , Ann. 
N.Y. Acad. Sci. 507, 104-119 (1987).) Poznasky has 
developed an enzyme-albumin conjugate system that 
appears to decrease the sensitivity of the product to 
biodegradation while masking the apparent antigeni- 
city of the native enzyme. (Poznasky, M.J.: Targeting 
enzyme albumin conjugates. Examining the magic 
' bullet. In, Juliano, R.L (ed.): Biological approaches to 
the delivery of drugs . Annals New York Academy Sci- 
ences 1987; 507-211:219.) 
' Shaw and others have prepared and charac- 
■'terized lipoprotein/drug complexes. (Shaw. J.M., 
Shaw, K.V., Yanovich, S., Iwanik, M., Futch, W.S., 
Rosbwsk-y, A. Schook, L.B.: Delivery of lipophilic 
drugs using lipoproteins. In, Juliano, R.L.(ed.): 
Biological approaches to the delivery of drugs . Annals 
New Yori^ Academy Sciences 1987; 507:252-271.) 
Lipophilic drugs are relatively stable in these earners 
and cell interactions do occur although little detail is 
known. 

In any conjugated biological composition, it is 
important that the conformational integrity and biologi- 
cal activity of the adsorbed proteins or other biological 
agents be preserved without evoking an uptoward 
immunological response. Spacial orientation and 
structural configuratiori are known to play a role in 
detenTiinihg [he biological activity of many peptides, 

' jproteins and pharmacological agents. Changes in the 
structurar configuration of these compounds may 
re'suit in piartial or total loss of biological activity. 
Changes in configuration may be caused by changing 

' the environment surrounding the biologically active 
^ compound or agent' For example, pharmacologic 

' agents which iexhibit in viiro activity may not exhibit in 
vivo activity owing to the loss of the molecular configu- 
ration fonnerly detemnined in part by the in vitro envi- 
TorimenL Further, the'size and associated ability of 
the barrier particle to minimize phagocytic trapping is 
a primary concem when the composition is to be used 

■ in vivo. All of these factors must be taken into account 

^ when preparing a carrier particle. 

Although numerous different carrier particles 
have been developed, there is a continuing need to 
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provide carrier particles for both in vivo and in vitro 

application wherein a biologically active peptide, pro- 
^ tein or pharnnacological agent can be attached to the 
. particles in. a manner whicn promotes stabilization of 

the biologically active compound in its active configu- 5 
. ration. The present invention relates to such particles 

and compositions, 

SUMMARY OF THE INVENTION 

In accordance with the present invention, biplogir 
cally active peptides, proteins or phanTiacologlcal 
agents, are attached to a core particle to provide a 
wide variety of biologically active compositions.. The 
invention is based on the discovery-that the surface of . is 
uttrafine. particles (nanocrystalline particles) can be 
modified with a surface coating to allow attachnrient of . 
biologically active moieties to produce compositions 
wherein the, naturally occurring structural environ- 
ment of . the moiety is mimicked, sufficiently so that 20 
biological activity Is preserved, the coating which pro- 
vides for the attachment of biologically active moieties 
to nanocrystalline particles in .jaccordance with the 
present invention can be corrippsed of a basic or mod- 
ified sugar or oligohucleotidef. Coating nanocrystalline 25 
particles with a basic sugar or oligonucleotide pro- . 
duces changes in the surface energy and other sur- - 
face characteristics which make the particles well ^ 
suited for attachment of biologically active moieties. 

In one .embodiment of the present invention,., 30 
nanocrystalline particles are used to prepare a decoy 
virus wherein the DNA or RNA core of the virus is rep- 

. laced by the microparticle. The microparticle is cho- 
sen to, be the same size as the viral core so that the 
conformation of the surroundirig protein coat accu- 35 
rately mimics the native virus. The resulting viral 
decoy is incapable of infectious behavior while at the 
same time being fully capable of effecting an immune . 

. response and otherwise being, antigenicaliy bioreac- . 

. in this_ embodiment, an ultrafine particle having a 
diameter of Jess, than about IQpp nanometers is cho- 
,,sen so as.t9^mjmic.the£)NA o^^RNA core. Viral pep- 
tides, attached to the< coating. sui;rpunding the core 
. have a^stmcture which mimics ^{ least a portion ofthe 45 

. native, virMs. This size of microparticle core is also well 

^,.suited .fpr canryihg, ^^nchorag^ /dependent phar- . 
.jnacolpgical agents and otKeir^biaJp^ically active corn- 
, pounds which, require a rianocrystalline particle . 

. anchor or core merger to maiiitairj,^^^^ , 50. 

Nanocrystalline part'ici.es suitable for use Jn the 
.present invention , can be^^rppde from metals, . ; 

. ceramics, or polymers. Examples of appropriate, 
materials include chromium., rubidium, iron, , zinc,, 
selenium, nickel, gold,, silver, platinum, silicon '55. 
dioxide, alunilnum^ oxide, rutheriium oxide, tin oxide ^ 
arid polystyrene.. 
. The biologically active. micropartides in apcprdr . 



ance with the present invention have wide-ranging 
use depending upon the type of biologically active 
compound which is attached to the microparticle core. 
When viral protein is attached to the microparticle 
core, the result is a decoy virus which may be used 
as a vaccine, diagnostic tool or antigenic reagent for 
raising antibodies. Non-viral protein or antigen coat- 
ings may be selected and structured for use in raising 
, specific antibodies or as a diagnostic tool. Further, the 
nriicroparticles can function as a phanmacological 
, agent when compounds having phanmacological 
activity are attached to the core particle. 

In accordance with the present invention, the utili- 
zation of a core microparticle around which the viral 
protein is attached provides an.effective way to accu- 
rately mimic the antigenic reactivity of a native virus 
while totally eliminating any of the problems and risks 
associated with the . presence of the viral genetic ma- 
terial. In addition, other proteins, peptides or phar- 
macological agents may be attached to the core 
particle to preserve and/or enhance the activity of the 
compound. 

. The above-discussed and many other features 
and attendant advantages of the present invention will 
become better understood by reference to the follow- 
ing.detailed description. 

DETAILED. DESCRIPTJON OF THE INVENTION 

The present invention has wide application to 
immunologic procedures and methods wherein anti- 
genic material or other biologically active moieties are 
utilized.. These areas of application include vacci- 
nation agents, antigen agents used to raise anti- 
bodies for subsequent diagnostic uses and antigenic 
compounds used as diagnostic tools. The compo- 
sition ofthe invention can also be used in a wide var- 
iety, of .other applications where there is a need to 

- anchor a prptein, peptide or pharmacological agent to 
a core particle in order to preserve and/or enhance 
bioreactivity., . . 

The compositions ofthe present invention include 
nanocrystalline core particles .(dianneters of less than 
ipOO;nm) which are coated with a surface energy 
modifying layer that, promotes bonding of proteins, 
.peptides or pharrnaceutical agents to the particles. 
The coating modifies the surface energy ofthe nanoc- 
rystalline core particles. S0rthat ,a wide variety of 

- immunogenic proteins, peptides and phamiaceutical 
agents may be attached to the core particle without 
significant loss-of antigenic activity or denaturization. 
The result is a biologically active, composition which 
includes a biologically inert core. The end use for the 
compositions of the. present invention will depend 
upon the particular protein, peptide or phanmacologi- 
cal agent which isi.attached to the coated core particle. 
For example, proteins or peptides having antigenic 

. actijVity may be attached to provide compositions use- 
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ful as immunodiagnostic tools. Viral fragments or pro- 
tein coatings having imnrtunogenic activity may be 
attached to provide a vaccine. Also, pharmacological 
agents may be attached to provide compositions 
which are useful In treating diseases. 

For preparing decoy viruses for use as vaccines, 

particles having diameters of between about 10 to 200 
nanometers are preferred since particles within this 
size range more closely mimic the diameter of DNA 
and RNA cores typically found In viruses. 

' The core particles may be made from a wide var- 
iety' of inorganic materials* including metals • or 
ceramics. Preferred metals include chromium, rubi- 
dium, iron, zinc, selenium, nickel.^gold. silver, plati- 
num.^ Preferred ceramic materials include silicon 
dioxide, titanium dioxide, aluminum oxide, ruthenium 
oxide and tin oxide. The core particles may be made 
from organic materials including carbon (diamond); 
'Preferred polymers include polystyrene, nylon and 
nitrocellulose. Particles made from tin oxide, titanium-^ 
dioxide or carbon (diamond) are particularly prefer- 
red.- 

Particles made from the above materials having • 
diameters less than 1000 nanometers are available 

• commercially or they may be produced from progress- 
ive hucleation in solution (colloid reaction), or various 
physical and chemical vapor deposition processes, " 
siich as sputter deposition (Hayashi, C, J. Vac. Sci. - 
TechnoL A5 (4); Jul/Aug. 1987. pgs. 1375-1384;' 
Hayashi, C, Physics Today , Dec. 1987. pgs. 44-60; 
MRS Bulletin, Jan 1 990, pgs. 16-47). Tin oxide having 
a dispersed (in H2O) aggregate particle size of about 
140 nanometers is available commercially from 

^ Vacuum- Metallurgical Co. (Japan). Other commer- 
cially available particles having the desired compo- 
sition and size range are available from Advanced ' 
Refractpry„Technologies, lnc."(Buffalo, N.Y.). 

Plasma-assisted chemical vapor deposition ■ 
(PACVD) is one of a number of techniques that may 
be used to prepare suitable micropartides. PACVD 
functions in relatively high'atmospheric pressures (on 

• the > order of one torr and greater) and is useful in 
- generating particles having diameters of up to 1 000 
= ' nanometers. For example, aluminum nitride particles 

' having diameters of less than 1000 nanometer cart be 
synthesized by PACVD using Al (CHaja and NH3 as 
:< reactants.^ The PACVD system typically includes a 
horiidntally mounted quartz tube with associated 
- pumping- and gas -feed systems. A susceptor is 
' located at the center of the quartz tube and heated ■ 

• • ^ using a 60 KHz radio frequency source. The syn- 

thesized aluminum nitride particles are collected on 
the walls of the quartz tube. Nitrogen gas is used as 
. the earner of the Al (CH3)3. The ratio of Al (CH3)3: NH3 
in the reaction chamber is controlled by varying the 
^ flow rates of the N2/AI(CH3)3 and NH3 gas into the-^ 
chamber. A constant pressure in the reaction cham- 
ber of 10 torr is generally maintained to provide'dep- 



osition and fonmation of the ultrafine nanocrystalline 
aluminum nitride particles. PACVD may be used to 
prepare a variety of other suitable nanocrystalline par- 
tides. 

5 The core partides are coated with a substance 

•that provides a threshold surface energy to the parti- 
de sufTident to cause binding to occur without that 
binding being so tight as to denature biologically 
^' relevant sites. Coating is preferably accomplished by 
i&: suspending the partides in a solution containing the 
dispersed surface modifying agent. It is necessary 
y-y that the coating make the surface of the partide more 
amenable to protein or peptide attachment. Suitable 
coating substances in accordance with the present 
15 invention include cellobiose, related basic sugars, 
and modified sugars such as nitrocellulose. Oligonuc- 
leotides may also be used. Suitable oligonudeotides 
indude pdyadenosine (polyA). Cellobiose is a prefer- 
red coating material. 
20. The coating solution into which the core partides 

- are suspended contains, for example, from 1 to 30 
: . weight/volume percent of the coating material. The 

solute is preferably double distilled water (ddHsO). 
■ The amount of core partides suspended within the 
25 ' coating solution will vary depending upon the type of 
: J / partide and its size. Typically, suspensions contain- 
- : * ingfrom 0.1 to 10 weight/volume percent are suitable. 
. : Suspensions of approximately 1 weight/volume per- 
' ■ ' cent of partides are prefen-ed. 
,30 The core partides are maintained in dispersion in 

- the coating solution for a suffident time to provide 
. ! unifonn coating ofthe particles. Sonication is the pre- 
. ' ' ferred method for maintaining the dispersion. Disper- 
sion times ranging from 30 minutes to a few hours at 

35 room temperature are usually sufficient to provide a 

^ - suitable coating to the partides. The thickness of the 

. coating' is preferably less than 5 nanometers. 

Thicknesses of the coating may vary provided that the 

* final core particles indude a uniform coating over sub- 

40 stantially ail of the partide surface. 

The partides are separated from the suspension 

after coating and may be stored forfuture use or redis- 
■i persed in a solution containing the protein or peptide 
to be attached ^ to . the partides; Alternatively, the 
, 45 V coated partides . may be left in the suspension for 
' ■ further treatment involving attachment of the desired 

* protein or peptide. 
^ :^ The protein or peptide which is applied to the 
xoated partides may be selected from a wide variety 
. : 50 - of proteins or peptides. Those having antigenic 
j. : properties are preferred when a vaccine is required. 
The protein can-be the viral protein coatfrom a selec- 
ted virus or immunogenic portion thereof. The viral 
' . ■ ^protein coat is isolated according to known separation 
55 '^procedures for isolating and separating viral proteins. 
, The viral coating is the prefen-ed protein because the 
viral coating is where the antigenic activity of viruses 
- is known to be located. Typically; the virus is digested 
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orsolubilized to form a mixture of viral proteins. The 
viral proteins are then separated by liquid 
chromatography or other conventional process Into 
the various protein particle fractions and dialyzed to 
. remove impurities. . 

Suitable viruses from which viral protein particles 
can be separated and Isolated include Epstein-Banr 
virus, human Immunodeficiency vims (HIV), human 
papilloma virus, herpes simplex virus and pox-virus. 
Preparations of a wide variety of antigenic protein 
materials may also be purchased commercially from - 
supply houses such as Microgene Systems, he. (400 
Frontage Road, West Haven, Connecticut 06516), 
Amgen Corporation (1900 Oak Terrace Lane, 
Thousand Oaks, California 91320-1789) and Cetus 
Corporation (1400 53rd Street, Emeryville, California 
94608). Synthetic peptides and/or proteins which cor- 
respond to naturally occurring viral particles may also 
be utilized. ^ : : . • ^ 

jOther ibiologically active, proteins and peptides 
tbat.can be attached include, enzymes, hormones, 
transport proteins and protective proteins. Human 
serum transferrin, plasminogen activator and coagur 
lation factors. In addition to the pharmacologic agents . 
: amphotericin and insulin, are examples.^:. 

The procedure for attaching the antigens or other 
protein to the coating on the core particles involves - 
suspending the coated core particles in an aqueous 
solution .containing the antigen. The presence in the- 
solution of materials that may preferentially attach to , 
the particle surface is often not advantageous. For . 
example, the dispersion agents present in the solution 
may create an undeslrable.coating on the suspended 
particles prior to protein attachment. Water miscible • 
solvents such as methanol or ethanol may be used. 35 
The aqueous solution of coated rnicroparticles can be 
agitated sufficiently tO: provide ,a uniform suspension 
of the particles; Typically,, the, amount of particles -in 
.solution will be between about 0.5 mg per milliliter of 
solution and 5 mg per milliliter of solution. Sonication 40 
is a preferred method for providing a uniform suspen- 
. sion oithe coated particles in solution. 
1 J - The suspension of coated particles and antigens 
tnust be .within certain parameters for protein attach- 
:ment and assembly to occur.. The temperature of the 45 
.particle solution should be between 1 ''C to 45°C. Cer- 
tain proteins and pharmaceutical^ agents may be . 
abound to the^coated particles in distilled water. Salts 
tnay be added to the, solution. for reactions between- 
coated particles, and proteins and other pharmaceuti- so 
cal agents'which are unstable or wlH not disperse rea- 
:dilyjn. distilled water.. In, general the salt solutions ' r. 
shouldibefonrnulated so thatthe ionic balance (in mM) / 
does not exceod^K=300-500-^Na=30-70; CN40-150; . 
Ca=0.0003-0.001; and .:Mg=O.G003-0.001. The . 55 
oxygen tension of the solution^^is, advantageously^ 
less than 10%,in;a solution sparged initially by helium , v. - 
and/ then gassed, with helium, nitrogen and carbon 



dioxide. The pH of the solution is, advantageously, 
slightly acidic (relative to blood), with a value, prefer- 
ably, of between 6.8 to 7.2. An exemplary solution for 
dispersion of the coated microparticles and for protein 
5 attachment is an aqueous solution containing: 0.0360 
milligrams MgSo^ per liter, 0.0609 milligrams 
MgCla^eHzO. 0.0441 milligram CaCl2.2H20, 22.823 
grams K2HPO4, 13.609 grams KH2PO4, 7.455 grams 
KQ, and 4.101 gram sodium acetate. The pH of this 
10 solution Is adjusted to 6.8. 

* The coated particle cores with the attached pro- 
. tein can be separated from the ionic grov^h medium 
and stored for further use. The coated particles may 
be stored by any of the conventional methods typically 
15 used for storing antigenic compounds or antibodies. 
For example, the coated particles may be freeze dried 
or stored as a suspension in a compatible solution. 
When used as a vaccine, the particles coated with a 
• viral protein coat are injected or otherwise adminis- 
20 tared to the individual according to conventional pro- 
- cedures. Any pharmaceutically acceptable can-ler 
solution or other compound may be used in adminis- 
tering the coated particles to -the individual. When 
^ . used, for diagnostic purposes in vitro, the protein 
25 . : coated particles are suspended in solution and used 
in the same manner as other antigenic compounds. 
The same is true for use of the protein coated particles 
for raising antibodies. The same protocol and proced- 
' ures well known for using antigens to produce antt- 
30 bodies may be used wherein the protein coated 
particles of the present Invention -are substituted for 
normally used antigenic compounds. 

The; following non-limiting examples describe 
certain aspects of the present invention In greater 
detail. . 

Example-1. Preparation of nanocrystalline tin oxide 
microparticles: , ^ , r 

,1.5 to 2.0-mg of ultraflne (nanocrystalline) metal 
powder was placed in a 1.7 ml screw-cap microcen- 
trifuge with 1 .5 m|s of double^ distilled water (ddhjO). 
The ddHsO was filtered through, a rinsed 0.45 micron 
filter-sterilizing unit or acrodisc (Gelman Scientific). 
The metal powder was tin oxide with a mean diameter 
(by photonj correlation spectroscopy) of 140 nm. The 
mixture vi^as vortexed for 30 seconds and placed into 
a water sonicating bath overnight. The sonication 
bath "temperature was stabilized at 60°C. After a 24- 
hour,.sonication, the samples were vortexed once 
more for 30 seconds. with the resulting dispersion 
clarified by microcentrifugation at approximately 
16,000 rpm.for 15 ^seconds. The analysis of particle 
size was carried out on a Coulter N4MD sub-micron 
particle analyzer. - . ■ 

The coating was applied, to the tin oxide particles 
fby suspending the particles in a stock solution of cel- 
■.^ lobiose. The cellobiose stock solution was a 292 mM 
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solution made by dissolving 1.000 gram of cellobiose 
in 9.00 mis of ddH^O. Solution was accomplished at 
approximately 70'C in order to promote quick dissol- 
ution. The resulting cellobiose solution was filter steri- 
lized through a rinsed 0.45 micron filter with the final 
volume being adjusted to 10.00 ml. 

Sufficient cellobiose stock solution was added to 
150 microliters of ultrafine tin oxide dispersion so that 
the final concentration of the tin oxide was 1.00 per- 
cent (w/v) or 29.2 mM. A typical volume for prepa- 
ration was 2.0 mis which was mixed four or five times 
by the action of a micro- pipe tor. After mixing, the dis- 
persion was allowed to equilibrate for two hours. Dem- 
onstration of successful coaiing^of the particles was 
provided by measuring the mobility of the particles' 
{coated and uncoated) on a Coulter DELSA 440 dop- 
pler energy light scatter analyzer. The coated tin oxide 
particles exhibited a relatively low mobility compared 
to the non-coated tin oxide particles. Measurements 
were also taken at various dilute salt concentrations 
to ensure that the observations with respect to mobi- 
lity were not artifactual. The tests demonstrate that 
the particles were coated with the cellobiose. 

The coated particles are then used to attach anti- 
genic proteins; peptides or phanmacological agents to 
prepare bioreactive particles. 

Example 2. Preparation of hanocrystalline 
ruthenium oxide particles: 



The same procedure was carried out in accord- 
-ance with Example 1. except that ruthenium oxide 
microparticles were substituted for the tin oxide parti- 
cles. The ruthenium oxide particles were obtained 
Uom Vacuum Metallurgical Company (Japan). 

Example 3. Preparation of the rianocrystalline 
' silicon'dioxide and tin oxide particles : 

Nanocrystialline silicon dioxide was acquired 
cdmrherciany' from " Advanced Refractory 
Techriologies7lnc. (Buffalo, N.Y.) and tin oxide was 
acquired -connniercially from^ Vacuum Metallurgical 
Co. (Japan). The tin oxide particles were also prep- 
' ar^d by reactive evaporations of tin in an argon-oxy- 
' gen mixture and collected on 'cooled substrates. 
Nanocrystalline tin oxide 'was aiso synthesized by 
D.C.- reactive Magnetjron sputtering (inverted 
• cathode). A T diameter target of high purity tin was 
' sputtered in a high pi'essure gas mixture of argon and 
oxygen. The ultrafme particles fonmed in the gas 
phase were collected on copper tubes cooled to 77°K 
with flowing liquid nitrogen. Alt materials were charac- 
terized by X-ray diffraction crystallography, transmis-^" 
' sion electron microscopy, photon coireiatidn 
spectroscopy, and Doppler electrophoretic light scat- 
ter analysis. X-ray diffraction samples were prepared 
by mounting the powder on a glass slide using dou- 



ble-sized Scotch tape. CuKa radiation was used on a 
Noreico d'rffractometer. The spectrum obtained was 
compared with ASTM standard data of tin oxide. 
(Powder Diffraction File, Card #21-1250. Joint Com- 
5 mittee on Power Diffraction Standards, American 
Society for Testing and Materials, Philadelphia 1976.) 
The specimens for (TEM) were collected on a stan- 
dard 3 mm diameter carbon coated copper mesh by 
dipping into a dispersion of the (UFP*s) in 22-propa- 
10 nol. The samples were examined on a JEOL-STEM 
' 1 00 CX at an acceleration voltage of 60-80 KV. 
' To CTeate working dispersions of these metal 
oxides, 1.5 to 3.0 mg of metal oxide powder was 
' added to 1.5 mf double distilled H2O in a dust-free 
fs screw top microcentrifuge tube (Sarsted) and vor- 
texed for 30 seconds. The niixture was then sonicated 
for 16 to 24 hours followed by a second 30 seconds 
vortex. The submicron fraction was then isolated by 
pelleting macropiarticulates by microcentrifugation 
20 16,000 xg for 15 seconds; Approximately 1 .3 ml of 
supernatant was then removed and placed in another 
dust-free screw top microcentrifuge tube. A sample 
was prepared for photon correlation spectroscopy 
(Coulter N4MD) and Doppler electrophoretic light 
25 ' scattering (Coulter delsa 440) analysis by removing 
' ' 50 to 100 ^il of the dispersion and placing it in a polys- 
tyrene cuvette and diluting it to a final volume of 1 .00 
' ml with ddH20. The stability of the dispersion was 
' determined by sequential measurements over a 24- 
30 ' hour period and was found to be stable. The stability 
of the dispersion with respect to* progressive salinity 
of the solvent (increasing conductivity) was similarly 
determined. The stability increased with progressive 
salinity of the solvent 
35 1.00 ml of the dispersion was combined and stir- 

red with 8.00 ml of ddHzO and 1 .00 ml of 29.2 mM cel- 
lobiose stock in a 15.0 ml capacity ultrafiltration stir 
cell (Spectra) which has been fitted with a pre-rinsed 
5x1 molecular weight cutoff type F membrane 
40 (Spectra). The sample was then left to stir for 15 
minutes: After stirring, the excess cellobiose was 
■ removed by flushing through the bell chamber 250 ml 
of-ddH20 by the action; of a peristaltic pump at a rate 
that does not exceed 10.0 ml/inin. After washing, the 
45 filtrate was concentrated by the means of pressurized 
N, gais to approximately 1.0 ml. Character was 
e'stabli^hed by the renrioval of 500 ul of the treated dis- 
persion by N4MD analysis. The mean dispersion 
diamister was re-established at this step. The stability 
50 of the coated disp'ersibh was detentiined by sequen- 
tial measurements over a 24-hour period. The stability 
of the coated dispersion with respect to progressive 
sialinity of the solvent (increasing conductivity) was 
• '* similarly 'detertnined. 
55 ' The resulting coated ndnocrystalline particles are 
suitable fo1r attachment of various proteins, peptides 
and phannacisutical agents." 



6 



11 



EP 0 465 081 A1 



12 



■ Example 4. Preparation, isolation and surface 
adsorption of human serum transfenrin proteins : 

Nanocrystalline tin oxide was synthesized by 
D.C. reactive Magnetron sputtering (inverted 5 
cathode). A . 3" diameter target of high purity tin was 
sputtered in a high pressure gas mixture of argon and 
oxygen. The ultra-fine particles fonmed in the gas 
phase were collected on copper tubes cooled to 77°k 
with flowing liquid nitrogen. All rnaterials were charac- io 
terized by x-ray diffraction crystallography, selected 
area electron diffraction, transmission electron micro- 
scopy, photon correlation spectroscopy, and energy 
dispersive x-ray. spectroscopy. X-ray diffraction sam- 
ples were . prepared by mounting the powder on a i5 
glass slide using double-sized Scotch tape. CuK(a/- 
pha) radiation was used on a Noreico diffractometer. 
The spectrum obtained was compared with ASTM 
.standard data of tin oxide. The specimens for trans-, 
mission electron microscopy and selected area dif- 20 
fraction were collected on a standard 3 nnm diameter 
carbon coated copper mesh by dipping into a disper- 
sion of the nanocrystalline nriaterials in 2-propanol. 
The samples were examined on a JEOL-STEM 100 
CX at an acceleration voltage of 60-80 KeV. The 2- 25 
propanol suspension of particles was also charac- 
terized by photon cpn-elation.spectroscopy at22.5°C, 
. 600 s run time on a Coulter N4Mp. Energy dispersive 
x-ray spectroscopy was performed on a JEOL JSM- 
T330A scanning. electron .microscope using Kevex 30 
quantex V software. 

To create working dispersions of these metal 
oxides for the synthesis of compositions in accord- , 
ance with the present invention, 0.5 mg of metal oxide 
powder was added to 1 .0 ml of a 29.2 mM cellobiose- 35 
phosphate buffered saline, solution in a dust free 
screw top glass vial and sonicated for 20 minutes at 
22.5-35'=C. The submicron fraction was then isolated 
by pelleting macro particulates by microcentrifugatton 
at 1 e.OOOxg for 30 seconds. Approximately 900 ^l of 40 
supernatant was thea removed and placed in a dust 
free screw top microcentrifuge tube. An aliquot was 
removed for photon cpnrelation spectroscopy (Coulter 
-N4MD),and Doppler electrophpretic light scattering 
(Coulter DELSA 440) analysis. Aliquots were also 45 
removed for characterizing the stability of the coated 
dispersion over time, and with respect to progressive 
salinity of the solvent (increasing conductivity). 

To, adsorb protein to the cellobiose coated metal 
oMe nanocrystalline cores, the core sample was , so 
diluted ,to 10.0 ml with Ca** and Mg** free phosphate . 
buffered saline (Gibco). Forty (40.0) ^g of purified . 
human senjm transfemn (4|ig/|il) (Gibco), whose anti- 
genicity was verified by ELISA, was then added to a 
1 0 ml stir cell (Spectra). The sample was then left to 55 
stir slowly for 30 minutes, taking great care not to 
allow foaming. After the addition period, 15 ml of Ca"; / 
and Mg** free phosphate buffered saline (Gibco) was^ 



then washed through the cell under a 2 psi nitrogen 
gas pressure head. After washing, the sample was 
again concentrated to 1.00 ml under N2 and a 500 ^l 
sample was removed for analysis by photon corre- 
lation spectroscopy, Doppler electrophoretic light 
scatter and transmission, electrori microscopy as 
detailed below. 

Conformational integrity was assessed by 
measuring the retained antigenicity of the bound pro- 
tein. To the sample cell, 50.0 ^1 of rabbit polyclonal 
anti-human transfenin antibody (Dako), whose anti- 
genicity was confinmed by ELISA, was added to the 
concentrated 1 .0 ml reaction product at 37.5°C with 
gentle stining. After a 30 minute incubation period, 15 
ml of Ca** and Mg** free phosphate buffered saline 
(Gibco) was then washed through the cell under a 2 
psinitrogen gas pressure head .and the reaction 
volume was again reduced to 1.0 rpl. 

A 200 ^1 aliquot of blocking agent, 1% w/v bovine 
, serum albumin in divalent free saline, was added fol- 
. lowed by a 1 0 minute equilibration period. The secon- 
dary antibody, 30 nm gold conjugated goat anti-rabbit 
polyclonal IgG .(Zymed), was_ then added and the 
reaction mixture was allowed to incubate for 30 
minutes. A sample was removed, chopped on a trans- 
mission electron microscopy grid, and vacuum dried. 
The mixture was again washed with 15 ml of divalent 
free saline under a nitrogen, pressure head and then 
fixed with glutaraldehyde. One ml of 3% solid bovine 
collagen (Collagen Corp.) was then added to the mixt- 
ures and the composite was ultracentrifuged at lO^xg 
for 30 minutes yielding a pelle^t that was then routinely 
processed as a biological specimen for transmission 
electron microscopy. Ten nm thick sections were 
viewed on a Zeiss transmission electron microscopy. 
Control samples were prepared as above without the 
cellobiose intermediate bonding layer. 

Transmission electron micrographs showed that 
the D.C. magnetron sputtered tin oxide was com- 
posejd of individual particles measuring 20-25 nm in 
diameter which aggregated into clusters measuring 
80 to 120 nm in diameter. By photon con-elation spec- 
troscopy, these same particles when dispersed in dis- 
tilled water produced agglomerates measuring 154 ± 
55 nm. The tin oxide particles were fully crystalline as 
characterized , by electron and x-ray diffraction. 
Energy dispersive x-ray . spectroscopy showed no 
other elen;!ents present as impurities. 

By Doppler.electrophoretic light scatter analysis, 
tin oxide exhibited.a mean mobility-of 2.177 ± 0.215 
nm-cmA/-s in aqueous solutions ranging from 10.8 to 
20.3 ^M NaCI, Following cellobiose surface coating in 
a 1% solution, tin oxide exhibited a mean mobility of 
1.544 ± 0.241 ^m-cmA/-s in aqueous solutions rang- 
ing from 0.0 to 21 .0 \xM NaCI. The oxide agglomerated 
in salt concentrations of greater than 40.0 ^hA and in 
solutions of increasing cellobiose concentration. 
Following transferring binding, the crude tin 
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oxide/cellobiose/protein conjugates measured 350 ± 
84 nm by photon correlation spectroscopy and trans- 
mission electron microscopy. Vacuum dried dropped 
samples with low concentration gold antibody 
measured 35-50 nm. Without the cellobiose bonding 5 
layer, vacuum dried sections measured 400 to > 1000 
nm. Occasional antibody bonding was noted. Follow- 
ing high concentration immunogold labeling and filter- 
ing, the thin section cellobiose treated specimens 
measured 50-1 00 nm. Positive gold binding was iden- to 
tifted in approximately 20% of the appropriately 
coated samples whereas negative controls (prepared 
' as above but lacking the primary rabbit antibody) exhi- 
bited approximately 1% nonspecific binding. 

As can be seen from the above examples, the 15 
biological activity of protein absorbed to the surface of 
carbohydrate^treated nanocrystaliine metal oxide 
particles is preserved. ' ' 



Example 5. Preparation and Characterization of ' ^ 
Epstein-Ban- Virus Decoys : ' 

^ Nanocrystaliine tin oxide particles were syn- 
'thesized by D.C. reactive Magnetron sputtering as' 

- previously described in Example 1 . 

Elutriated sucrose gradient purified Epslein-Barr 
virus- (EBV) acquired from the B95-8 cell line were 
purchased from Advanced Biotechnologies, Inc., Col- 
umbia MD. Each viral aliquot contained approximately * 
5.00 x lO^o^virus particies/ml suspended in 10mM 
TRIS-150mM NaCI ph 7.5 buffer (approximately 0.94 
mg/ml protein). The virions were solubilized 0.75% 
(v/v) Triton X100 and then ultracentrifuged at 
1 50,000xg for 60 minutes to pellet the DNA core using 

-a modification of the method described by Wells. 

' (Wells A, Koide N, Klein G: Two large virion envelope ' 
glycoproteins mediate EBV binding to receptor-posi- 
tive cells. J Virology 1982; 41:286^297.) Following 
dialysis, the supernatant EBV extract was charac- 
terized by both SDS-PAGE (denatured) [Biorad Mini 
Gel II, 4-20% gradient gei,'20dV x 45 minutes and 
stained with silver] and size exclusion HPLC (non- 

' denatured) [Waters 620 system with a WISP autoin- 
jector and 720 phbtodiode anray detector, 0.5 
rril/minute over a Waters SW300 GFC column using 

"^a lOOmM NaCI/2dmM TRIS pH 9.4 gradient mobile 
phase]. ~ 

' ^ 'Control (non-EBV) ^proteins were extracted from 
"aliquots of Lambda phage virus [Pharmacia, Mil- 

' waukee Wl] using the same methods as described 
above.- • - ^ ' * 

' • Aliqiiots ' of the tin ' oxide powder weiighing 
approxirhately 1.5 mg were initially suspended in 3.0 
' ml of 29.2 mM cellobiose solution in a dust free glass 

- vial by liberal' vohexing' [Vortex Genie, Scientific 
■ Industries, Bohemia; NY]. The resultant brownish 

cloudy suspension was then sonified at 175 W for 
10.0 minutes at a frequency of approximately 20 kHz 
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at 25°C[Branson 2" Gup Horn, Branson Ultrasonics 
Corp., Danbury CT]. The dispersion was clarified by 
microcentrifugation at 16,000xg for 15 seconds. The 
remaining pellet was then discarded in favor of the 
supernatant. Unadsorbed cellobiose was removed by 
ultrafiltration against 20 mis of 25 mM phosphate 
reaction buffer (pH 7.40 25mM HPO42/H2PO4I-) in a 
10 kD nominal molecular weight filtered stir cell [Phar- 
macia] under a 7.5 psi N2 gas head at37.5''C. Aliquots 
of the intermediate product were characterized by 
photon conflation spectroscopy and, following 
dialysis as described below, by dopplerelectrophore- 
tic light scatter analysis. 

The process of viral protein adsorption was 
initiated by the removal of the mild triton surfactant 
from 250 ^l aliquots of EBV extract by ultrafiltration 
against 25 mis of phosphate reaction buffer at 4°C in 
a 10 kD nominal moiecular weight stir cell and then 

- adjusted to a concentration of 1.0 Vg/^l or approxinn- 
ately 1.0 ml final volurrie. Then 500 ul of the triton free 
EBV extract was quickly added to a MD nominal 
molecular weight stir cell with 2.0 ml of the surface 
treated tin oxide dispersion prewarmed to 37.5°C. 
The mixture was then slowly stin-ed while being incu- 

' bated at 37.5**C for 2.0 hours! After incubation the 
unabsorbed EBV extract was removed by ultrafil- 

-'^ tration against 25 mis of phosphate reaction buffer. 
- Control (non-EBV) decoys fabricated with lambda 
phagV viral protein extracts were synthesized using 
the same process described above. 

Intermediate components, the final assembled 
decoys, and whole Epstein-Barr virions were charac- 
terized by doppler electrophoretic light scatter 
analysis [DELSA 440, Coulter Electronics Inc., 
Hialeah, FL] to determine their electrophoretic mobi- 
lity (surface charge) in a fluid phase. Nine phosphate 
buffer'solutions having at25°C pH's ranging between 
4.59 and 9.06 and conrespondihg conductivities rang- 
ing between 2.290 and 4.720 mS/cm were prepared. 
Aliquots of raw tin oxide, surface modified cellobiose 
covered tin oxide, synthesized EBV decoy, and whole 
fBVwere dialyzed against each of the nine solutions 

' ' and the mobilities of the particulates in dispersion 
were then measured at field strengths of 4.0, 5.5, 5.5, 

' and 8.0 mA respectively. The mobility values acquired 

" simultaneously by the 4 angled detectors of the instru- 

- riient were averaged and the rheans of 3 measure- 
ments per dispersion were recorded. 

' the synthesized EBV decoys and control decoys 
were characterized by immundagglutination photon 
' cdrrelation spectroscopy to deterrnine the antibody 
reactivity of ^their surfaces. Positive reactivity was 
- assessed by incubating the EBVdecoy for 60 minutes 
• 'at 37.5°C with a cocktail of anti-EBV murine monoc- 
lonal antibodies (1 n9 each of anti-EBV-VCA, anti- 
* EBV EA-R, anti-EBV UK and anti EBV EA-D) in 15% 
lactose, 0.9% NaCI, 10' mM HEPES buffer, and 0.2% 
NaN3 [DuPont; Wilmington. DE]). Background reac- 
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, tivity was assessed by incubating the EBV decoy with 
irrelevant murine IgG^. Specificity was assessed by 
reacting the lambda phage decoy with monoclonal 
anti-EBV priurine antibodies. Agglutination was 
measured by photon conflation spectroscopy at a 
90° angle [N4MD. Coulter]. 

, Antibody affinity intensity was assessed by 
immunogold transmission electron microscopy using 
the particulates and aritibtodies listed above and then 
adding secondary anti-murine, 30, nm gold-labeled 
antibodies (Faulkyv, Taylor G J mrriuriocolloid method 
for electron microscopy,. Immunochemistry 8:1,081- 
1083, 1971).*. ' ..//^ " . ' ][ ' ' 

Labeling of the EBV decoy (positive reaction) was 
accomplished by incubating a 2anl mixture of murine 
monoclonfls (1 ^ig anti.EBy-VCA and 1 ^g anthEBV 
EA-R.in .15% lactose, 0,9%,NaCI, mmM HEPES.buf- 
fer, anc} b,2%;.NaN3.[DuPont] ) with a fresh 0.5 ml 
, saqiple..pf .EBy.decoy at ?7.?"C for 30 minutes in a 
300 kD . nominal, molecular weigh i^tir cejl. Unbound, 
antibody was. then removed by ultrafiltration against 
20 mis of phosphate.reaction buffer under a 5.0 psi N2 
pressure ^lead. After washing, 50 >il of goat anti-mu-. 
rine antibody covalently fused to 30.nm gold spheres 
(10^ particles/mipymed Laboratories, San Francisco, 
CA]) were incubated with 200 i^is.of the labeled parti- 
cle^ iin a.lM nominal m9lecul.ar;,vyeight stir cell, at 
37.5°C fpr 3Q minutes. Unbound secondary antibody 
wa^ remoyed by ultrafiltration against 10 mis of ph^os- , 
phate reaction buffer. . ,'> . ,• - , 

Labeling of the EBV decoy (negative reaction) 
was accomplished by incubajting 2.5 ^l of murine 
polyclonal nonspecific IgGI (1-^g/^i in 15 mM.NaCI. . 
pH 7.4 [Sigma Chemical Corp.. St. Louis, MO]).with a . 
fresh 0,5 ml sample of EBV decoy as described abjoye 
followed by . the. same washing and gold-labeling, 
steps. Labeling of the lambda,. phage control decoy 
(negative reaction) was accomplished by incubating.a 
20 ^l mixture of murine, monpcional anti-EBV. antir 
bo,dies with the lambda phage, virus coated decoy 
,using the same procedure detailed above. 

V. Immunolabeled particles ,wyere„ prepared for elec- 
,trpri rpjcrpscopy in two.\yays. A direct immersion tech- 
:fiique..where a.cartDon coated copperylewing grid [Ted 
Pella Inc.. Redding. C A] was submersedjnto sample . 
fQr:,^pprpximately,5^^ fixed jn 5% 

. glutaraldehyde for .lrninute. was used for all reactions 
as; a .fast screening, technique. A more involved 
, method:adding giutajraldehyd^ directly to the reaction 
solMtion..then,peIl.eting the.product.at 16,p00xg fonS 
minutes into 0,5 ml soft agar, preparation (0.7% agar- 
ose .[Sea ,Kem, Temecula,/pA] .in, H2O). Then the 
r^esultant agar plugs we;e embedded in plastic and 
^s.ectioned int;p.0,,1 |im sheets for> viewing; 

Analysis of both the positive .and negative con- 
trols was perfpnrped by exarnining pelleted samples of. 
the labeled .reaction products ,by; .transmission, elec-y, 
tron /nicroscopy. The relative intensity of antibody .., 



binding wasdetennined by counting the number of tin 
oxide based particles observed to have bound gold 
spheres (% positive) and then noting the number of 
gold spheres bound to a given particle (intensity, nunv 
5 ber/event). 

The ultrafine tin oxide particles measured 20-25 
nm in diameter and formed aggregates measuring 80 
to 120 nm in diameter by transmission electron micro- 
• scopy. By photon correlation spectroscopy, these 
10 same particles when dispersed in.dlstilled water pro- 
duced agglomerates measuring 154 ± 55 nm. The tin 
oxide particles were fully crystaliine as characterized 
by electron and x-ray diffraction. Energy dispersive x- 
ray spectroscopy showed no other; elements present 
15 as impurities... . , 

.- Characterization of the EBV proteins by SDS- 
PAGE showed two distinct protein bands. The first, 
existing as a dimer suggesting variable glycosylation, 
exhibited a molecular weight of approximately 350 kd 
, 20^,. wbich- is consistent with the predominant envelope 
glycoprotein df EBV. The second exhibited a molecu- 
lar weight of approximately 67 kd consistent with 
. .serum albumin which apparently adsorbs avidly to the 
viral surface. HPLC confirmed the presence of two 
25 distinct bands that exhibited spectrophotometric 
..: . . . absorption maxima at 280 nm consistent with pro- 
teins. The predominant peak had a chromatographic 
... retentioatime of .10.30 minutes and could be suppres- 
. - 3.ed 90% . by monoclonal anti VGA. The second and 
30 ^ .relatively minor peak exhibited a chromatographic 
retention .time .of 15.75 minutes similar to bovine 
. serum albumin standards. , ^ 

• v; . The previously described Dopplerelectrophoretic 
.. mobility studies conducted between the pH range of 
35. . 4.5 to9.0demonstrated3distinctpattems. First, both 
the decoy and native EB virus retained virtually iden- 
, ' , ^^tical rnobilities of approximately -1.4 |im-cnnA/-s 
t. throughout the pH range. Second, untreated tin oxide 
exhibited a mobility of approximately -1.0 (am-cnrW-s 
40 . at a pH of 4.5 which then rose rapidly to -3.0 ^m-cmA/- 
s at pH values of 5.0 and-higher. Third, surface mod- 
ified, tin. .oxide treated with cellobiose retained a 
■ ^ mobility of. approximately. -1.5 fim-cnW-s until it 

increased rapidly to -2.5 um-cm/V-s.at a pH of 7.5. 
45 The previously descritped photon conrelation 
spectroscopy showed that native- EBV measured 
approximately 102 +/ -32 nm and the synthesized 
EB,V decoy.measured approximately 1 54 + /- 52 nm. 
Syntfiesized, EBV decoy, when reacted with the 
50 morioclonaUanti-EBV cocktail, agglutinated to fonm 
1534 +/ -394 nm masses. Synthesized EBV decoy, 
,^,when reacted with non-specific mouse IgG, only 
.jr Increased slightly in size with, agglutination diameters 
M . of 230 .+/ -76 nm. Lambda phage decoy, when reacted 
55 . with the monoclonal anti-EBV cocktail, only increased 
slightly in size with agglutination diameters of 170 +/- 
; 35 nm.,. . ^ 

. ,The previously described' transmission electron 
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microscopy of anti-EBV antibody labeled EBV decoy 
particles revealed a positive gold staining frequency 
of 23.51% +/ -5.53 with an average staining intensity 
of 7.41 gold labels per event. Examination of non- 
specific mouse IgG antibody labeled EBV decoy par- 
ticles revealed a positive gold staining frequency of 
-5.53% +/ -2.04 with an average staining intensity of 
1 .00 gold labels per event Examination of anti-EBV 
antibody labeled lambda phage decoy particles 
revealed a positive gold staining frequency of 7.21% 
•+M .26 with an average staining Intensity of 1.06 gold 
labels per event 

- Example 6: In Vivo Elicitatlon of Antibodies By 
Epstein-Ban- Virus Decoy : ' 

Four sensitization solutions were prepared and 
delivered once every other week by intramuscular 
injection in three 250 ^l aliquots to New Zealand rab- 
bits aged approximately 8 weeks. The first four ahi^ ^ 
mals received approximately 10^ whole EBV virions 
(approximately 32 ^g of gp350 estimated by inte- 
gration of the spectrophotometric absorption curve at 
280 nm against a 25 ng bovine serum albumin stan- 
dard) dispersed in phosphate reaction- buffer per 
injection. The second four animals received 32 ^g per 
injection of isolated and purified gp350 using tlie <>'' 
same injection protocol. The third group received EBV - ' ' 
viral decoys (Example 5) synthesized from a starting " 
aliquot of 32 \xg of gp350 per injection. The last group 
received cellobiose coated in tin oxide dispersed in' • 
phosphate reaction buffer, injections were free of. 
adjuvant Whole blood was removed using aseptic 
techniques via cardiac puncture 2 weeks following 
each of the three injections and the animals were ter- 
minated by cardiac puncture followed by lethal seda- 
tion at 6 weeks. Serum was extracted by 
microcentrifugation at 16 kg of whole blood for 1 
minute and then stored frozen at -70°C pending 
analysis. 

Immunospecrfic antibody against whole EBV vir- 
ions (ABI) was assayed by EUSA. Approximately 10^ 
virions/ml in phosphate reaction buffer were diluted 
1:10 in coating buffer and then allowed to adsorb " 
overnight at 4°C in polycarbonate assay plates (Fal- ' 
con). Rabbit serum affinity for the bound EBV virions 
was determined by the colohmetric reaction of goat 
anti-rabbit IgG alkaline phosphatase (Signna) 
developed with para-nitrophenyl phosphate. The con- 
centration of immunospecific IgG were detenmihed by 
comparison to a calibration curve using nonspecific 
rabbit IgG as the adsorbed antigen and by subtracting 
the baseline values recorded from the wells contain- 
ing serum from tiie rabbits stimulated with tin oxide 
only. 

Semm collected from the 4 rabbits sensitized with 
tin oxide showed no increased anti-EBV activity over 
pre-immune serum at any of the three two week sam- 



pling inten^als. The remaining 3 groups showed a pro- 
gressive rise in the concentiBtion of anti-EBV specific 
IgG over the 6 week period. Animals sensitized with 
purified EBV proteins alone showed a maximum of 

5 approximately 0.05 ug/jil anti-EBV IgG at six weeks. 
In contrast, animals sensitized with either whole EBV 
or decoy EBV exhibited a statistically significant four 
fold greater response with approximately 020 ^ig/ul of 
anti-EBV IgG at six weeks. The immunospecific res- 

10 ponses to decoy EBV and whole EBV were virtually 

identical.^ ^ ' 

V As is apparent from Examples 5 and 6, the syn- 
thesized EBV decoy in accordance with the present 
invention possesses the same surface charge as 
15 native vims, is recognized specifically and avidly by 

• monoclonal antibodies, and evokes immunospecific 
" antibodies with the same effectiveness as whole 

virus. Using photon correlation spectroscopy, the 
number of particles that agglutinated in the three reac- 
20 ^ ? tion conditions were calculated from the measured 
diameters of the aggregates. These calculations indi- 
cate that monoclonal anti-EBV antibodies produce 
- - agglutinated masses consisting of an average 988.0 

• decoy EBV particles. Non-specific mouse IgG anti- 
25 bodies produce agglutinated masses consisting of an 

average 3.33 decoy EBV particles, while monoclonal 
"anti-EBV antibodies produce agglutinated masses 

• consisting of an average 1.35 decoy conti-ol lambda 
phage particles. These measured results show that 
the measured agglutination potential of the EBV 
decoy in accordance with the present invention is 

> almost three orders of magnitude greater than con- 
trols. The immunogold transmission electron micros- 
copy shows that the gold labeled antibody staining of 
35 anti-EBV labeled EBV decoys is 25 to 30 times grea- 
= terthan controls. The ELISA analysis of the immunos- 
' ^ pecificity of anti-EBV IgG elicited in the rabbits by the 
EBV decoy is similar to the response elicited by native 
virus and is 4 fold greater than the response elicited - 
by isolated purified proteins. 

The entire contents of all references cited 
hereinabove are hereby incorporated by reference. 

; Having thus described exemplary embodiments 
of the present invention, it should be noted by those 
skilled in the art that the within disclosures are exem- 
plary only and that various other alternatives, adap- 
tations and modifications may be made within the 
scope of the present invention. Accordingly, the pre- 
. -sent inventiort- is- not limited to the specific embodi- 
50 " mehts as illustrated herein, but is only limited by the 
' follbwingxlaims: - 
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Claims 

•i: A vaccine for use in treating an animal to elicit an 
immune' response, said vaccine comprising: 
a- decoy virus comprising: 
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a core particle having a diameter of 
• between about 10 to 200 nanometers; 

a coating comprising a substance 
. that provides a threshold surface energy to said 
core - particle which is. sufficient to bind 
immunologically active proteins or peptides with- 
out denaturing said proteins or peptides, said 
' substance covering at least a part of the surface 
of said core particle; . 

at least one immunologically reac- 
tive viral protein or peptide bound to said coated 
: core particle to form said decoy virus; and 

a pharmaceutically acceptable carrier for 
said decoy virus, 

2. A vaccine according to claim 1 wherein said sub- 
stance, is a ..basic sugar, = modified sugar or 
■ oligonucleotide. 
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tide which is sufficient to bind immunologically 
active proteins or peptides without denaturing 
said proteins or peptides, said substance cover- 
ing at least a part of the surface of said core par- 
ticle; 

at least one immunologically reactive viral 
protein or peptide bound to said coated core par- 
ticle to fonm said decoy virus. . 

11. A method for vaccinating an animal to raise anti- 
' bodies against a viral infective agent, said 
method comprising the step of administering to 
said animal an amount of the vaccine according 
•to any one of claims 1 to 9 ;Sufficient to elicit an 
immune response which raises said antibodies to 
said viral infective agent. 



AiVaccine according.to claim ^ wherein said coat- 
.ing is cellobiose. . t / 
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4. A vaccine according to daim. 1, 2 or 3, wherein 
said core particle comprises^ a metal, ceramic or 
polymer. .. - i 25 



5. : ' A vaccine according to daim 4 wherein said nrietal 
. is selected from chromiumi rubidium, iron, zinc, 

selenium, nickel, gold, silver and platinum. - > 

6. . A . vaccine according to claim 4 wherein said 

ceramic is selected from-^ilicpn dioxide, alumi- 
; num oxide, ruthenium : oxide, carbon and. tin 
oxide. 

7. A vaccine according to daim 6 wherein said core 
particle consists substantially of tin oxide, or sub- 
stantially, of diamond. .': 
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A vaccine according to any preceding claim, whe- 
rein said polymer is polystyrene. 
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9. ' , A vaccine.according-to anyjpreceding claim, whe- 
rein said .viral peptide or protein is isolated from 
• tEpsteinrBanr virus,- .human , immunodeficiency: 
:: virus„human papilloma virus,, herpes virus or pox- 

: , virus.:.^c •■, *\ -f-;*- . • ■ 
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1 0. Use in the manufacture of a vaccine for the pur- 
pose of vaccinating an animal to elicit an immune 50 
response to raise antibodies to Epstein-Banr 
virus, human immunodeficiency virus, human 
papilloma virus, herpes virus or pox-virus, of, a 
decoy virus comprising:- ■ 

a core partide having a diameter of be- 55 
-tween abouMO to 200 nanometers; ^ . , 

. . a coating comprising a substance that pro- ■ 
t : vides a threshold surface energy to said core par- , , 
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